ROLLING BEARING WITH ROTATION SENSOR 
This application is a Divisional Application of Serial No. 10/105,283 filed March 26, 2002. 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a rolling bearing with a 
rotation sensor having a detection element for detecting 
the number of revolutions or the rotating angle of an 
output shaft of an engine or a rotary shaft of a motor, 
the detection element being mounted on an electric circuit 
board having flexibility* It also relates to a rolling 
bearing with a rotation sensor characterized in the 
binder for the magnetic material of a magnetic encoder 
used therein . 

[0002] As a method of detecting the number of revolutions 
and rotating angle, a method is known in which changes in 
. magnetism with the rotation of a rotating element 

magnetized multipolarily on a ferromagnetic film around a 
rotary drum are detected by a detecting element and 
output as pulse signals. 

[0003] Heretofore, if such a rotation sensor is mounted 
to a rolling bearing comprising, as shown in Figs. 10A 
and 10B, an inner ring 2, an outer ring 3 and rolling 
elements 4, a rotating element 13 magnetized in multiple 
poles is mounted on the diametrically outer surface of 
the inner ring 2 which is a rotating bearing ring. An 
annular sensor housing 16 comprising, as shown in Fig. 
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11A in section, a peripheral wall 16a and a flange 16b 
extending inwardly is fixed to a core metal 5 fitted on 
the diametrically inner surface of the outer ring 3 which 
is a fixed bearing ring. The annular sensor housing 16 
is formed with a groove 17 having such a section as shown 
in Fig. 11B. An electric circuit board 18 made of a 
glass fiber-containing epoxy resin which is superior in 
insulating performance and strength and has a thickness of 
about 1 mm is fitted in the groove 17 and mounted to the 
flange 16b. A detection element 9 is mounted on the 
electric circuit board 18 so as to be fitted on the inner 
peripheral surface of the peripheral wall 16a formed with 
the groove 17. Then, an electronic circuit part 10 is 
mounted on the surface of the board 18. 

[0004] In this way, the rotation sensor comprising the 
rotating element 13 magnetized in multiple poles and the 
detection element 9 for detecting any change in magnetism 
due to the rotation of the former is mounted on the 
rolling bearing. 

[0005] But as shown in Figs. 10A and 10B, if the electric 
circuit board 18 is mounted to the flange 16b of the 
sensor housing 16, there is a disadvantage that the axial 
length L4 tends to be long because the axial length of the 
peripheral wall 16a has to be sufficient to house the 
rotating element 13 and the sensor housing 16 has to 
contain the electronic circuit part 10 which is mounted on 
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the electric circuit board 18-. 

[0006] In order to eliminate such a disadvantage, it is 
conceivable to mount the electric circuit board 18 on the 
inner peripheral surface of the peripheral wall 16a of 
the sensor housing 16. But while the electric circuit 
board 18 made of a glass fiber-containing epoxy resin is 
high in mechanical strength, it has low elasticity and is 
hard and easy to break. Thus it is impossible to mount it 
arcuately on the inner peripheral surface of the 
peripheral wall 16a. 

[0007] In order to mount the electric circuit board 18, 
which is made of an epoxy resin, on the inner peripheral 
surface of the peripheral wall 16a of the sensor housing 
16 without cracking it, as shown in Figs. 12A and 12B, it 
is necessary to split the electric circuit board 18 into 
split boards 18a. In order to mount the split boards 18a 
on the inner peripheral surface of the peripheral wall 16a 
of the sensor housing 16, it is necessary to form grooves 
17a for receiving the split boards 18 in the inner 
peripheral surface and fix them in the respective grooves 
17a. This is troublesome and incurs increase in 
manufacturing cost . 

[0008] An object of this invention is therefore to 
provide a compact bearing with a rotation sensor by 
shortening the axial length of a housing needed for 
mounting the rotation sensor. 
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[0009] Fig. 13 shows another conventional rolling bearing 
with a rotation sensor. In this rolling bearing, the 
inner ring 2 is a rotating bearing ring. A core metal 
102 is fitted on the inner ring 2. The core metal 102 
includes a fixed portion 102a and a flange portion 102b. 
The fixed portion 102a is fitted on the outer peripheral 
surface of the inner ring 2. A magnetic encoder 101 is 
fixed to the outer peripheral surface of the flange 
portion 102b. The magnetic encoder 101 is made of a 
magnetic material (such as a ferrite) joined by a binder. 
[0010] To the outer ring 3, which is a fixed bearing ring, 
an S-shaped core metal 5 for mounting a sensor housing 16 
is fixed. The sensor housing 16 has a built-in sensor 
element 11 which detects change in magnetism of the 
magnetic encoder 101. Here, the sensing direction is 
radial . 

[0011] As the binder for the magnetic encoder 101, 
generally, a thermoplastic resin such as polyamide (PA) 
and polyphenylene sulfide (PPS) or nitrile rubber (NBR) is 
used . 

[0012] If a thermoplastic resin (plastic) is used for the 
binder for the magnetic encoder 101, the latter is molded 
simultaneously with the core metal 102 or pressed into or 
bonded to the core metal after molding. 

[0013] But if a thermoplastic resin such as polyamide or 
polyphenylene sulfide is used for the binder for the 
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magnetic material of the magnetic encoder 101, the 
magnetic accuracy of the magnetic encoder 101 may 
deteriorate if the bearing is left in a low-temperature or 
a high-temperature environment or in an environment where 
temperature fluctuations are repeated from high to low 
temperature over a wide temperature range (e.g. -40 °C to 
130 °C ) . 

[0014] Also, with a bearing in which the magnetic encoder 
101 is pressed into the core metal 102 or the magnetic 
encoder 101 and the core metal 102 are simultaneously 
molded, cracks may develop during manufacture or if they 
are used in an environment in which temperature 
fluctuations are large. 

[0015] If nitrile rubber is used as the binder, cracks 
may develop in an environment in which it is used at the 
upper limit of the above temperature range. 
[0016] Thus, another object of the present invention is 
to provide a rolling bearing with a rotation sensor which 
can suppress deterioration of the magnetic accuracy even 
if left in a high-temperature or low-temperature 
environment or in an environment in which the temperature 
fluctuates repeatedly, and which can suppress cracks 
during manufacture or if used in an environment in which 
the temperature fluctuation is large or in a high- 
temperature environment. 
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SUMMARY OF THE INVENTION 



[0017] According to the present invention, there is 
provided a rolling bearing with a rotation sensor, the 
rolling bearing comprising a rotating bearing ring and a 
fixed bearing ring, the rotation sensor comprising a 
rotating element mounted to the rotating bearing ring, a 
detecting element mounted on the fixed bearing ring so as 
to oppose the rotating element, and an electric circuit 
board, characterized in that the electric circuit board 
has a flexibility. 

[0018] With this arrangement, the electric circuit board 
can be easily bent and fitted in a limited space without 
cracking and without splitting it as mentioned above. 
This makes it possible to compactly design a rolling 
bearing having a rotation sensor. 

[0019] Also, since the electric circuit board can have 
its degree of bending varied easily, it is possible to use 
electric circuit boards of the same specification for 
rolling bearings of different model numbers. 
[0020] The electric circuit board is preferably formed of 
a plastic film. 

[0021] With this arrangement, it has flexibility and good 
insulating property required for electric circuit boards 
is obtained. Also, it is possible to make the thickness 
of the board thin compared with a conventional board made 



of a glass fiber-containing epoxy resin. 
[0022] The electric circuit board is preferably mounted 
in a bent state to the inner peripheral surface of the 
annular sensor housing fixed to one end of the fixed 
bearing ring. 

[0023] Since the electric circuit board is flexible, it 
is possible to easily bend and mount it along the 
peripheral wall, so that there is no need to mount the 
electric circuit board 18 on the flange 16b of the sensor 
housing as shown in Figs. 10A, 10B. Thus, the axial 
length L4 of the sensor housing 16 can be shortened ,. so 
that the rolling bearing can be designed compactly. 
[0024] Preferably, the sensor housing comprises a 
peripheral wall and a flange extending inwardly 
therefrom, and the electric circuit board is mounted to 
the flange so that the board surface will be 
perpendicular to the axis of the rolling bearing. 
[0025] Since the electric circuit board is formed filmy, 
it is thinner than the above-described conventional 
electric circuit board 18 made of an epoxy resin. Thus, 
even if it is mounted to the flange 16b of the sensor 
housing 16 to mount an electronic circuit part 10 as 
shown in Figs. 10A, 10B, since the amount of protrusion is 
small compared with the conventional arrangement, the 
axial length L4 of the sensor housing can be shortened, 
which makes it possible to compactly design the rolling 
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bearing. 

[0026] The detection element may be provided so as to be 
adjacent to and oppose the rotating element with respect 
to the radial direction. 

[0027] with this arrangement, even if the electric 
circuit board is mounted to either of the peripheral wall 
or flange of the sensor housing, the detecting element can 
be easily mounted to the electric circuit board. 
[0028] The detecting element may be provided so as to be 
adjacent to and oppose the rotating element with respect 
to the axial direction. 

[0029] With this arrangement too, the detecting element 
can be easily mounted to the electric circuit board which 
is mounted to the peripheral wall or flange of the sensor 
housing . 

[0030] According to the present invention, there is also 
provided a bearing with a rotation sensor comprising an 
inner ring, an outer ring and a plurality of rolling 
elements disposed between the inner ring and the outer 
ring, one of the inner ring and the outer ring forming a 
rotating bearing ring and the other forming a fixed 
bearing ring, wherein a core metal to which is fixed a 
sensor housing including a sensor element is mounted to 
the fixed bearing ring, and a core metal to which is fixed 
a magnetized magnetic encoder is mounted to the rotating 
bearing ring, whereby the rotation of the rotating bearing 
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ring is detected by changes in polarity which are 
received by a sensor sensitive surface of the magnetic 
encoder, which opposes the sensor element, characterized 
in that a binder for the magnetic material of the 
magnetic encoder comprises a heat-resistant rubber. 
[0031] According to the bearing with the rotation sensor 
of the present invention, by using a heat-resistant rubber 
for the binder for the magnetic material of the magnetic 
encoder, it is possible to improve the temperature 
properties of the magnetic encoder, and to suppress 
cracks of the magnetic encoder. Thus, it is possible to 
suppress deterioration in the magnetic accuracy even if 
left in a high-temperature or low-temperature environment 
or in an environment in which the temperature fluctuates 
repeatedly, and to suppress cracks during manufacture or 
during use in an environment in which the temperature 
fluctuation is large or in a high-temperature environment. 
[0032] In this bearing with the rotation sensor, the 
heat-resistant rubber comprises one or more material 
selected from the group consisting of heat-resistant 
nitrile rubber, fluorine rubber and silicone rubber. 
[0033] Thus, it is possible to suitably select various 
kinds of heat-resistant rubber materials. If these 
materials are used singly or in combination, it is 
possible to improve the temperature properties of the 
magnetic encoder and suppress cracks of the magnetic 
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encoder . 

[0034] Other features and objects of the present 
invention will become apparent from the following 
description made with reference to the accompanying 
drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] Fig. 1A is a partially cutaway front view of the 
rolling bearing with a rotation sensor of one embodiment 
of this invention; 

Fig. IB is an enlarged vertical sectional side 
view along line b-b of Fig. 1A; 

Fig. 2A is an enlarged vertical sectional side 
view of the sensor housing along line a-a of Fig. 1; 

Fig. 2B is an enlarged vertical sectional side 
view of the sensor housing along line b-b of Fig. 1; 

Fig. 3 is a partially omitted enlarged vertical 
sectional side view of another embodiment; 

Fig. 4A is a partially omitted front view of a 
still another embodiment; 

Fig. 4B is an enlarged vertical sectional side 
view along line A-A of Fig. 4A; 

Fig. 5 is a sectional view of another embodiment 
of the present invention; 

Fig. 6 is a front view showing the core metal and 
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the magnetic encoder of the same; 

Fig. 7 is an enlarged view of the area R of Fig. 

6; 

Fig. 8 is a view showing the cycle conditions in a 
heat shock test; 

Fig. 9 is a view showing the results of the heat 

shock test; 

Fig. 10A is a partially omitted front view of a 
prior art rolling bearing with a rotation sensor; 

Fig. 10B is an enlarged vertical sectional side 
view along line a-a of Fig. 10A; 

Fig. 11A is an enlarged vertical sectional side 
view of the sensor housing along line a-a of Fig. 10A; 

Fig. 11B is an enlarged vertical sectional side 
view of the sensor housing along line b-b of Fig. 10A; 

Fig. 12A is a partially omitted front view of 
another prior art rolling bearing with a rotation sensor; 

Fig. 12B is an enlarged vertical sectional side 
view along line A-A of Fig. 12A; 

Fig. 13 is a partial sectional view showing 
another conventional bearing with a rotation sensor; 

Fig. 14A is a front view of the fifth embodiment; 

Fig. 14B is a vertical sectional side view taken 
along line A-A of Fig. 14A; 

Fig. 15 is a perspective view showing how the 
sensor housing is fixed to the core metal; 
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Fig. 16A is a perspective view showing another 
example of the method of fixing the sensor housing; 

Fig. 16B is a vertical sectional side view of the 

same ; 

Figs, 17A, 18A and 19A are perspective views 
showing other examples of the method of fixing the sensor 
housing ? 

Figs. 17B, 18B and 19B are vertical sectional side 
views of the same; 

Fig. 20 is a partial vertical sectional side view 
of the rolling bearing with another example of the 
adhesive filling groove; 

Figs. 21A and 21B are similar views showing other 
examples of the adhesive filling groove; 

Fig. 22 is a similar view showing an example in 
which the groove of Fig. 20 is provided by two; 

Fig. 23A and 23B are similar views showing 
examples in which the grooves of Figs. 21A and 21B are 
provided by two, respectively; 

Fig. 24 is a plan view of the sixth embodiment; 

Fig. 25 is an enlarged plan view of a part of the 

same ; 

Fig. 26 is a vertical sectional side view of the 
same taken along line A-A of Fig. 25; 

Fig. 27 is a vertical sectional front view of the 
same taken along line B-B of Fig. 25; 

1 2 



Fig. 28 is a vertical sectional side view of the 
seventh embodiment; 

Fig. 29 is a vertical sectional front view of a 
part of the same; 

Fig. 30 is a vertical sectional side view of the 
eighth embodiment; and 

Fig. 31 is a vertical sectional front view of the 

same. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0036] Hereinbelow, a first embodiment of this invention 
will be described with reference to Figs. 1 and 2. 
[0037] The rolling bearing 1 with a rotation sensor 
according to this invention includes, as shown in Figs. 
1A and IB, an inner ring 2, an outer ring 3, rolling 
elements 4, and a rotating element 13 including a magnetic 
encoder which is magnetized multipolar i ly on a 
ferromagnetic film around a rotating drum. The rotating 
element 13 is mounted on the diametrically outer surface 
of the inner ring 2 which is a rotating bearing ring. 
[0038] An annular sensor housing 6, of which the 
sectional shape is shown in Fig. 2A, comprises a 
peripheral wall 6a and a flange 6b and is concentrically 
mounted on a core metal 5 fitted on the diametrically 
inner surface of the outer ring 3 which is a fixed bearing 
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ring. In the flange 6b of the sensor housing 6, an 
arcuate groove 7 is formed which has a sectional shape as 
shown in Fig. 2B and has two recesses 7a. 

[0039] An electric circuit board 8 is bent and mounted on 
the inner peripheral surface of the peripheral wall 6a of 
the sensor housing 6. The electric circuit board 8 is 
made of polyethylene terephthalate which is superior in 
electrical insulating property. It has a thickness of 
about 200 u m and is filmy and flexible and provides 
required insulating performance. For the electric 
circuit board 8, any other thermoplastic plastic film may 
be used which is superior in electrical insulating 
property, such as polyethylene, polyimide or vinyl 
chloride. Such plastic films can be formed by 
conventional film forming method such as rolling or 
extrusion. 

[0040] At one end of the electric circuit board 8, 
detection elements 9 are fitted in the recesses 7a of the 
groove 7 so as to be radially adjacent to and oppose the 
rotating element 13. An electronic part 10 for removing 
noise such as power source noise is mounted in the center 
of the electric circuit board 8. The rotation sensor is 
thus formed. Change in magnetism of the magnetic encoder 
with the rotation of the rotating element 13 is detected 
by the detection elements 9, which output pulse signals so 
that the rotating speed of the rolling bearing 1 can be 
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measured. At the other end of the electric circuit board 
8, a power cable 12 is connected. 

[0041] The first embodiment of this invention has such a 
structure and its operation will be described below. 
[0042] Since the electric circuit board 8 is formed filmy, 
compared with a conventional board made of a glass fiber- 
containing epoxy resin, it can be made much thinner. 
Since the electric circuit board 8 has flexibility, it 
will not crack even if bent. Also, without the need to 
split the electric circuit board 8 as with the split 
boards 18a shown in Figs. 12 A and 12B, it can be easily 
fitted arcuately on the inner peripheral surface of the 
peripheral wall 6a of the annular sensor housing 6. 
Since the electric circuit board 8 does not have to be 
mounted to the flange 6b, the axial length LI of the 
sensor housing 6 will be shorter than the axial length L4 
shown in Fig. 10. Thus the rolling bearing 1 can be 
designed to be more compact. 

[0043] Also, if the rolling bearing 1 is of a different 
model, the curvature of the inner peripheral surface of 
the peripheral wall 6a of the sensor housing 6 may be 
different. Even so, it is possible to fit the electric 
circuit board 8 by changing the degree of bending or 
curvature. Thus, electric circuit boards 8 of the same 
specification can be used for rolling bearings of 
different models. This is economical. 
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[0044] In the second embodiment shown in Fig. 3, as in 
the first embodiment shown in Fig. 1, an electric circuit 
board 8 is fitted on the inner peripheral surface of a 
peripheral wall 6a of an annular sensor housing 6. A 
detection element 9 is arranged so as to be axially 
adjacent to and oppose the rotating element 13 fitted on 
the inner ring 2. The opposed surface of the rotating 
element 13 is magnetised multipolarily on a ferromagnetic 
film. A rotation sensor is thus formed. With this 
arrangement too, as in the embodiment shown in Fig. 1, 
the axial length L2 of the sensor housing 6 is shorter 
than the length L4 in the arrangement of the prior art 
(see Figs. 10A and 10B). 

[0045] In the third embodiment shown in Figs. 4A and 4B, 
as in the arrangement of the electric circuit board 18 
shown in Figs. 10A and 10B, the electric circuit board 8 
is mounted to the flange 6b of the sensor housing 6 fixed 
to the core metal 5 fitted on the inner surface of the 
outer ring 3 at its outer end. A detection element 9 is 
mounted on the electric circuit board 8 so as to fit on 
the' inner peripheral surface of the peripheral wall 6a of 
the sensor housing 6 formed with a groove 7. An 
electronic circuit part 10 is mounted on the surface of 
the board 8. 

[0046] Although the electric circuit board 8 is mounted 
on the flange 6b of the sensor housing 6 as with the 
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conventional arrangement, since the electric circuit board 
8 used is filmy and its thickness is smaller than the 
thickness of the electric circuit board made of an epoxy 
resin, the axial length L3 of the sensor housing 6 can be 
made shorter than the length L4 in the conventional 
arrangement. In this embodiment, too, the detection 
element 9 can be fitted so as to be axially adjacent to 
and oppose the rotating element 13 as shown in Fig. 3.. 
[0047] In the embodiments shown in Figs. 1-3, the core 
metal 5 for fixing the sensor housing 6 is fitted on the 
diametrically inner surface of the outer ring 3 of the 
rolling bearing 1 at its end. But it may be fitted on the 
diametrically outer surface of the outer ring 3 at its end. 
[0048] If the rotating bearing ring is the outer ring, a 
rolling bearing with a rotation sensor may be formed by 
mounting the rotating element on the diametrically inner 
or outer surface of the outer ring at its end, fitting 
the core metal on the diametrically outer surface of the 
inner ring (which is the fixed bearing ring) at its end, 
fixing the sensor housing to the core metal, and as in the 
embodiments shown in Figs. 1, 3 and 4, mounting the 
detection element on the filmy electric circuit board so 
as to be adjacent to and oppose the rotating element. 
[0049] Next, the fourth embodiment of the present 
invention will be described below. 

[0050] In Fig. 5, the rolling bearing 1 with a rotation 
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sensor of this embodiment has a magnetic encoder 14, a 
core metal 15, an outer ring 3, an inner ring 2, rolling 
elements 4, a core metal 5, a sensor housing 6 and a 
sensor element 11. 

[0051] The outer ring 3, inner ring 2 and rolling 
elements 4 forms the rolling bearing. The inner ring 2 
is a rotating bearing ring. The core metal 15 is mounted 
to the inner ring 2. The. core metal 15 includes a fixed 
portion 15a and a flange portion 15b and the fixed portion 
15a is fixedly mounted on the outer peripheral surface of 
the inner ring. The magnetic encoder 14 is fixed to the 
outer peripheral surface of the flange portion 15b. 
[0052] The outer ring 3 is a fixed bearing ring. The 
core metal 5, which has an S-shaped section and serves to 
mount the sensor housing 6, is fixed to the outer ring 3. 
The sensor element 11 is built in the sensor housing 6 and 
opposes the magnetic encoder 14. The rotation of the 
inner ring 2 is detected in terms of changes in magnetic 
flux sensed by a sensitive surface of the magnetic encoder 
14. Here, the sensing direction is radial. 
[0053] As shown in Fig. 6, the core metal 15 has an 
annular shape. The magnetic encoder 14 is mounted on the 
outer peripheral surface of the core metal 15. As shown 
in Fig. 7, the magnetic encoder 14 has a so-called 
multipolarily magnetized structure in which N and S poles 
are alternately magnetized in a circumferential 
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direction. 

[0054] In this embodiment, the magnetic encoder 14 has a 
magnetic material (such as ferrite) bound by a binder. As 
the binder, e.g. a heat-resistant rubber is used. Also, 
the magnetic encoder 14 is fixed to the core metal 2 by 
vulcanizing the heat-resistant rubber. 

[0055] For the material of the heat-resistant rubber, 
generally, heat-resistant nitrile rubber (HNBR), fluorine 
rubber (FKM) and silicone rubber ( VMQ ) may be used. In 
this embodiment, these materials are used singly or in 
combination . 

[0056] The present inventors examined changes in 
magnetized pitch error of the magnetic encoder by a heat 
shock test for different materials of the magnetic encoder. 
Using polyamide, polyphenylene sulfide and heat-resistant 
nitrile rubber as the binder, the heat cycle shown in Fig. 
8 was applied by 250 and 500 cycles and the magnetized 
pitch error after the heat shock test was measured. The 
results are shown in Fig. 9. 

[0057] It can be seen from Fig. 9 that when polyamide or 
polyphenylene sulfide is used as the binder, the 
magnetized pitch error after the heat shock test 
extremely deteriorated, compared to when heat-resistant 
nitrile rubber is used. 

[0058] Also, if heat-resistant nitrile rubber is used, 
the magnetic encoder 14 can be bonded by vulcanization to 
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the core metal 15, so that cracks will not occur when the 
magnetic encoder is mounted to the core metal by pressing 
as with polyamide or polyphenylene sulfide. Also, even if 
the heat-resistant nitrile rubber is used in a high- 
temperature environment, cracks will not occur since its 
heat resistance is high. 

[0059] In the above test, description was made about 
heat-resistant nitrile rubber. But for fluorine rubber 
and silicone rubber, similar results were obtained. 
[0060] In this embodiment, as the heat-resistant rubber, 
heat-resistant nitrile rubber, fluorine rubber and 
silicone rubber were described. But it is not limited to 
these materials. Any other heat-resistant rubber 
material can be used which can suppress deterioration of 
magnetic accuracy even if the bearing is left in a low or 
high-temperature environment or in an environment where 
temperature fluctuations are. repeated, and can suppress 
cracks even during manufacture or during use in a 
environment where temperature fluctuations are large or in 
a high-temperature environment. 

[0061] The fifth embodiment of this invention will be 
described with reference to Figs. 14 to 23. 
[0062] In this embodiment, a rotating element 13 is 
fitted on the diametrically outer surface of the inner 
ring 2 which is the rotating bearing ring, as shown in 
Figs. 14A and 14B. Rolling elements 4 are retained by a 
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retainer 20. An annular sensor housing 6 made of a 
synthetic resin and having a peripheral wall 6a and a 
flange 6b is fitted on a core metal 5 fitted on the 
diametrically inner surface of the outer ring 3 which is 
the fixed bearing, using hydraulic pressure with an 
interference . 

[0063] An electric circuit board 8 is mounted in a groove 
6c formed in the flange 6b of the sensor housing 6. 
Through the electric circuit board 8, a detection element 
9 is mounted on the inner peripheral surface of the 
peripheral wall 6a so as to be opposite and adjacent the 
rotating element 13 in the radial direction and an 
electronic circuit part 10 is mounted on the circuit board 
8 to form the rotation sensor. The detection element 9 
detects a change in magnetism due to rotation of the 
rotating element 13 and outputs a pulse signal to measure 
the rotating speed of the rolling bearing 1. 
[0064] At the end on the large-diameter side of the core 
metal 5, as shown in Fig. 15, claw-like engaging pieces 22 
are formed at three locations in the circumferential 
direction. Opposite to the engaging pieces 22, on the 
outer surface of a corner portion extending from the 
peripheral wall 6a to the flange 6b of the sensor housing 
6, cutout grooves 23 are formed at three locations in the 
circumferential direction. The engaging pieces 22 are 
bent and engaged in the grooves 23 to fix the core metal 
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5 and the sensor housing 6 together . 

[0065] On the outer periphery of the peripheral wall 6a 
of the sensor housing 6, an adhesive-filling groove 24 is 
formed continuously in the circumferential direction. It 
is filled with an adhesive containing a silicon polymer 
and an epoxy resin as major components and having 
elasticity to bond the sensor housing 6 to the core metal 
5. 

[0066] By fitting protrusions formed by bending the 
engaging pieces 22 formed on the core metal 5 into the 
grooves 23 or recesses formed in the sensor housing 6 and 
bonding the core metal 5 and the sensor housing 6 together 
with the adhesive, the sensor housing 6 pressed in is 
fixed to the core metal 5. The core metal 5 may be 
fitted on the diametrically outer surface of the outer 
ring 3 at its end. 

[0067] Since the sensor housing 6 is bonded to the core 
metal 5 by an adhesive having elasticity, even if the 
sensor housing radially shrinks if the rolling bearing is 
used in a low-temperature region, the adhesive 
elastically deforms, so that the bonded state between the 
core metal 5 and the sensor housing 6 is maintained* Thus, 
no radial shaking will occur and the sensor housing 6 is 
prevented from inclining. Also, even if a shearing force 
greater than the bonding ability of the adhesive acts in 
the axial or circumferential direction due e.g. to 
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vibration between the core metal 5 and the sensor housing 
6, since the engaging pieces 22 formed on the core metal 
5 are fitted in the grooves 23 of the sensor housing 6, 
the sensor housing is prevented from moving axially and 
coming off or from displacing circumferential ly . 
[0068] Also, if the environmental temperature returns • 
from a high- temperature range to a normal temperature, 
the sensor housing 6 can shrink and due to the creep 
deformation, the elastic recovery of interference is 
lost, so that the radial gap between the sensor housing 6 
and the core metal 5 can grow. Even in such a situation, 
due to elasticity of the adhesive, the fixed state is 
maintained, so that radial shaking is prevented. Even in 
such a state, axial displacement between the core metal 5 
and the sensor housing 6 resulting from axial expansion 
due to creep deformation is suppressed by engagement of 
the claw-like engaging pieces 22 in the grooves 23. This 
prevents the sensor housing 6 from coming out off the core 
metal 5 and circumferential displacement of the sensor 
housing . 

[0069] Since the adhesive filling groove 24 is formed 
circumf erentially continuously, the total bonding area 
increases, so that radial shaking can be prevented 
reliably. Further, the bonding capacity against shearing 
force that acts axially or ci rcumf erential ly between the 
core metal 5 and the sensor housing 6 improves. 



2 3 



[0070] Simply by bending the claw-like engaging pieces 22 
formed on the core metal 5 and fitting them in the 
grooves 23 formed in the sensor housing 6, it is possible 
to easily fix the core metal 5 and the sensor housing 6 
together, and prevent coming off and circumferential 
displacement of the sensor housing. 

[0071] Unlike the embodiment shown in Figs. 14B and Fig. 
15, as shown in Figs. 16A and 16B, the claw-like engaging 
pieces 22 may be formed such that the bent tips of the 
engaging pieces 22 are on the side of the rolling bearing 
1. 

[0072] Figs. 17A, 17B, Fig. 18A, 18B and Figs. 19A, 19B 
show other embodiments. 

[0073] As shown in Figs. 17A, 17B, the core metal 5 and 

the sensor housing 6 may be fixed together by 

circumf erentially forming a plurality of axially curving 

protrusions 25 on the core metal 5 and fitting them in 

recesses 26 formed in the sensor housing 6. 

[0074] As shown in Figs. 18A, 18B, the core metal 5 and 

the sensor housing 6 may be fixed together by 

circumf erentially forming a plurality of protrusions 25a 

having a V-shaped section on the core metal 5 and fitting 

them in recesses 26a similarly having a V-shape and formed 

in the sensor housing 6. 

[0075] As shown in Figs. 19A, 19B, the core metal 5 and 
the sensor housing 6 may be fixed together by forming a 
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plurality of protrusions 25b having a a -shaped section on 
the core metal 5 and fitting them in recesses 25b having 
a similar sectional shape and formed in the sensor housing 
6. 

[0076] Thus, in any case, by fixing the core metal 5 and 
the sensor housing 6 with the protrusion-to-recess 
engagement, it is possible to reliably prevent the sensor 
housing 6 from coming off the. core metal 5. Also, since 
the respective protrusions 25, 25a and 25b are all formed 
in a plurality of numbers in the circumferential direction, 
it is possible to reliably prevent circumferential 
displacement. In each embodiment, since an adhesive 
having elasticity fills the groove 24 formed in the outer 
periphery of the sensor housing 6 to bond the core metal 5 
and the sensor housing 6, even if the sensor housing 
shrinks in a radial direction due to the influence of the 
environmental temperature, radial shaking and inclination 
of the sensor housing can be prevented, 

[0077] After forming the protrusions 25, 25a or 25b on 
the core metal 5 beforehand, the sensor housing 6 formed 
with recesses 26, 26a or 26b having a corresponding shape 
on its outer peripheral surface may be pressed in the 
core metal. Also, after the sensor housing 6 has been 
pressed into the core metal 5, the protrusions may be 
formed by caulking the core metal to fit them in the 
recesses. 
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[0078] The adhesive filling groove circumf erentially 
continuously formed in the outer peripheral surface of the 
sensor housing 6 may be any of a groove 24a having such a 
curved sectional shape as shown in Fig. 20, and grooves 
24b and 24c having V-shaped and rectangular sectional 
shape in an axial direction as shown in Figs. 21A and 
21B. Also, such grooves 24a, 24b and 24c may be formed 
in a plurality of numbers in the outer, peripheral surface 
of the sensor housing 6, e.g. in two as shown in Fig. 22 
and Figs. 23A, 23B. 

[0079] These filling grooves 24a, 24b and 24c, the 
protrusions formed on the core metal 5, and the recesses 
formed in the sensor housing 6 may be combined to bond 
the core metal 5 and the sensor housing 6, and fit the 
protrusions in the respective recesses, thereby 
preventing radial shaking, axial inclination, 
circumferential displacement, and coming out of the core 
metal 5, of the sensor housing 6. 

[0080] Next, the sixth embodiment of this invention will 
be described based on Figs. 24-27. 

[0081] Fig. 24 shows a rolling bearing for an axle of a 
railroad car, i.e. a sealed type tapered roller bearing 
31. A spacer 33 and inner rings 34 on both sides thereof 
are pressed onto the axle 32. Between the inner rings 34 
and an outer ring 35, a plurality of tapered rollers 36 
are rotatably arranged. 
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[0082] On both sides of the outer ring 35, oil seals 37 
and 37 f , which are cylindrical seal members, are fitted 
as follows. The oil seals 37, 37' have metallic rings 
37a fitted on the diametrically inner surface, of the outer 
ring 35 at both ends, and core metals 38a, 38b mounted on 
the inner periphery of the rings 37a. At the tips of the 
core metals 38b, lip packings 39 are fitted. Their lip 
portions 39a are in contact with the inner surface of 3 - 
shaped seal fitments 40,_so that the interior of the 
bearing 31 is sealed from atmospheric side. To the end of 
the axle 32, an end cover 56 is fixed by bolts. 
[0083] At the end of the inner ring on the righthand side 
of Fig. 24, i.e. on the wheel side, a rotating element 41 
is fitted inside the seal fitment 40. Opposite the 
rotating element 41, a sensor 42 is fixed to the oil seal 
37 to form a rotation detecting device. 

[0084] The rotation detecting element 44, a temperature 
detecting element 45 and a vibration acceleration 
detecting element 57 mounted on a circuit board 43 are 
built in the sensor 42. It is formed by covering these 
detecting elements 44, 45 and 57 and the circuit board 43 
with a synthetic resin. 

[0085] The rotation detecting element 44 detects a change 
in e.g. magnetic force with rotation of the rotating 
element 41 and outputs a pulse signal to a rotating speed 
control circuit (not shown) connected by a lead wire 46. 



The temperature detecting element 45 measures the 
atmospheric temperature in the bearing 31 and outputs to 
an abnormal temperature detecting circuit (not shown) 
connected by a lead wire 46 as an electric signal. The 
vibration acceleration detecting element 57 detects 
vibration acceleration at the installed position and 
outputs to an abnormal vibration detecting circuit (not 
shown) connected by a lead wire as an electric signal. 
[0086] As shown in Fig. 27, in the metallic ring 37a and 
core metals 38a and 38b of the oil seal 37, holes 47 for 
the sensor 42 are formed. On both sides of the fitting 
hole 47 of the metallic ring 37a, cylindrical flanges 48 
are formed by burring in the radially outer direction from 
the metallic ring 37a so as not to protrude from mounting 
portions 42a at both ends of the sensor 42. On the inner 
peripheral surfaces of the cylindrical flanges 48, female 
threads 49 are formed. Through holes 50 larger than the 
diameter of these threaded holes are formed in the core 
metals 38a and 38b. 

[0087] The mounting portions 42a for the sensor 42 have 
their top surfaces formed obliquely in a direction 
perpendicular to the cylindrical flanges 48. To the 
mounting portions 42a, as shown in Fig. 25, U-shaped 
grooves 51 having one end thereof open are provided to 
oppose the cylindrical flanges 48. When the sensor 42 is 
fitted in the fitting hole 47, the cylindrical flanges 48 
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fit in the U-shaped grooves 51, and by threadedly 
engaging bolts 52 into the cylindrical flanges 48 to 
press the edges of the U-shaped grooves 51, the sensor 42 
is fixed to the metallic ring 37a. Thus, the rotation 
detecting device formed by the rotating element 41 and 
the rotation detecting element 44 built in the sensor 42, 
the temperature detecting element 45 and the vibration 
acceleration detecting element 57 are mounted in the 
tapered roller bearing 31. 

[0088] The sixth embodiment of this invention is 
structured as above. Its operation will be described 
below. 

[0089] As shown in Figs. 25-27, only with the bolts 52, 
without using nuts, the sensor 42 is fixed to the 
metallic ring 37a of the oil seal 37. Thus, when the 
sensor 42 is mounted to the oil seal or dismounted, no 
nuts will drop into the bearing. Also, there is no need 
to weld nuts to the core metal 38b in order to prevent 
the nuts from dropping. Thus, it is extremely easy to 
mount and dismount the sensor 42 to and from the bearing 
31. Also, since there is no need to weld nuts, lowering 
of the production efficiency can be avoided in mass- 
production of bearings 31. 

[0090] Since the sensor 42 can be fixed simply by 
threadedly engaging the bolts 52 with the cylindrical 
flanges 48, there is no fear of tightening the bolts 52 
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too much as in the case in which nuts are used. Also, 
the cylindrical flanges 48, which are formed substantially 
to the top end of the mounting portions 42a, serve as 
sleeves. Thus there is no need of fitting bushes into 
the mounting portions 42a as in the arrangement of 
tightening using conventional nuts, so that no cracks 
will develop in the synthetic resin portion of the sensor 
42. 

[0091] Also, since the cylindrical flanges 48 are formed 
in a radial direction of the metallic ring 37a, strains 
while forming the cylindrical flanges 48 by burring are 
uniform, so that no destruction due to tensile stress will 
occur during working. This makes it easy to form the 
cylindrical flanges 48. 

[0092] Since the U-shaped grooves 51 having one end open 
are formed in the mounting portions 42a of the sensor 42, 
the cylindrical flanges 48 having their axes inclined from 
the vertical direction fit easily in the U-shaped grooves 
51, so that the sensor 42 can be easily mounted on the 
oil seal 37. 

[0093] Figs. 28 and 29 show a rolling bearing of the 
seventh embodiment of this invention. It differs from the 
sixth embodiment in the forming direction of the 
cylindrical flanges 48 formed on the metallic ring 37a of 
the oil seal 37 by burring such that the lip packing 39 
fitted on the core metal 38b contacts the inner ring 34 so 
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that the interior of the bearing is sealed from the 
atmospheric side. 

[0094] The cylindrical flanges 48 in this embodiment are 
formed on both sides of the fitting holes 47 parallel to 
the radial centerline of the metallic ring 37a, i.e. 
outwardly in the vertical direction such that they will 
not protrude from the mounting portions 42a on both sides 
of the sensor 42. In the inner peripheral surfaces 
thereof, female threads 49 are formed. When the sensor 42 
is fitted in the fitting holes 47, the cylindrical 
flanges 48 fit in the U-shaped grooves formed in the 
mounting portions 42a. By threadedly engaging the bolts 
52 with the cylindrical flanges 48, the edge portions of 
the U-shaped grooves are pressed, so that the sensor 42 
is fixed to the metallic ring 37a so as to oppose the 
rotating element 41. 

[0095] Thus, by forming the cylindrical flanges 48 in a 
vertical direction, it is possible to easily fix the 
sensor 42 to the metallic ring 37a without using nuts. 
Also, the bolts are easy to threadedly engage and the 
sensor can be easily fixed. Also, the top surfaces of the 
mounting portions 42a can be formed horizontally so as to 
be aligned with the top surface of the sensor 42, which 
is advantageous in working. 

[0096] Figs. 30 and 31 show a rolling bearing of the 
eighth embodiment of this invention. It differs from the 
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sixth and seventh embodiments in the forming direction of 
the cylindrical flanges 48 formed on- the metallic ring 37a 
of the oil seal 37 by burring. The lip packing 39 fitted 
on the core metal 38b is in contact with the inner ring 
34 so that the interior of the bearing is sealed from the 
atmospheric side. 

[0097] The cylindrical flanges 48 in this embodiment are 
formed axially outwardly of the metallic ring 37a on both 
sides of the fitting hole 47. On the inner peripheral 
surfaces thereof, female threads 49 are formed. By 
fitting the sensor 42 into the fitting holes 47 and 
threadedly engaging bolts 52 with the cylindrical flanges 
48 through bolt holes formed in the mounting portions 
42b, the edges of the bolt holes are pressed, so that the 
sensor 42 is fixed to the metallic ring 37a so as to 
oppose the rotating element 41. Even though the 
cylindrical flanges 48 is formed axially, the sensor 42 
can be fixed to the metallic ring 37a and the direction 
in which the bolts 52 for fixing the sensor 42 to the 
cylindrical flanges 48 are threaded can be not only 
radial or vertical but also axial. Thus, freedom is 
given to the fixing of the sensor 42. 

[0098] The cylindrical flange 48 can be formed by burring 
not only outwardly of the metallic ring 37a but inwardly 
when they are formed in radial, vertical or axial 
direction. 



[0099] As described above, according to this invention, 
since the electric circuit board for mounting an 
electronic circuit part is formed filmy so as to have 
flexibility, it can be mounted bent in a limited space on 
the inner peripheral surface of the peripheral wall of the 
annular sensor housing* Thus, it is possible to make the 
axial length of the sensor housing shorter than before. 
Also, since the electric circuit board can be mounted on 
the sensor housing with different curvatures, it is 
possible to use the same electric circuit boards for 
bearings having different model numbers. 
[0100] With this arrangement, a rolling bearing with a 
rotation sensor can be made compactly. Thus, it is 
possible to easily mount a rotation sensor on a rolling 
bearing having bearing rings of a small width. 
[0101] Also, by using a heat-resistant rubber for the 
binder for the magnetic material of the magnetic encoder, 
it is possible to improve the temperature property of the 
magnetic encoder and prevent its cracks. 
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What is claimed is: 

1 . (New) A rolling bearing with a rotation sensor, comprising a rotating bearing ring, a 
fixed bearing ring, a rotating element mounted on said rotating bearing ring, a core metal 
mounted on said fixed bearing ring, an annular sensor housing fitted on said core metal, and a 
detection element mounted on said sensor housing so as to be adjacent to and oppose said 
rotating element, wherein said sensor housing is formed with a groove in the outer periphery 
thereof, said groove being filled with an adhesive to bond said sensor housing to said core metal 
through said adhesive, and said core metal and said sensor housing are fixed together by fitting a 
protrusion formed on said core metal in a recess formed in said sensor housing. 

2. (New) The rolling bearing with a rotation sensor as claimed in claim 1 wherein said 
groove formed in said sensor housing is formed so as to extend continuously in a circumferential 
direction. 

3. (New) The rolling bearing with a rotation sensor as claimed in claim 2 wherein said 
protrusion is a claw-like engaging piece formed on a peripheral wall of said core metal, said 
recess is a cutout groove, and said engaging piece is bent and fitted in said cutout groove. 

4. (New) The rolling bearing with a rotation sensor as claimed in claim 2 wherein said 
protrusion protrudes toward the inner periphery of said core metal so as to be curved along the 
axial direction of said core metal, said protrusion comprises a plurality of protrusions formed in 
the circumferential direction of said core metal, and wherein said recess of said sensor housing 
comprises a plurality of recesses formed in the circumferential direction so as to oppose said 
protrusions. 

5. (New) The rolling bearing with a rotation sensor as claimed in claim 2 wherein said 
protrusion comprises a plurality of protrusions having a V-shaped sectional shape in the axial 
direction of said core metal and formed in the circumferential direction of said core metal, and 
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wherein said recess of said sensor housing comprises a plurality of recesses formed in the 
circumferential direction so as to oppose said protrusions. 

6. (New) The rolling bearing with a rotation sensor as claimed in claim 2 wherein said 
protrusion comprises a plurality of protrusions having a U-shaped sectional shape in the axial 
direction of said core metal and formed in the circumferential direction of said core metal, and 
wherein said recess of said sensor housing comprises a plurality of recesses having a U-shape and 
formed in the circumferential direction so as to oppose said protrusions. 

7. (New) The rolling bearing with a rotation sensor as claimed in claim 1 wherein said 
protrusion is a claw-like engaging piece formed on a peripheral wall of said core metal, said 
recess is a cutout groove, and said engaging piece is bent and fitted in said cutout groove. 

8. (New) The rolling bearing with a rotation sensor as claimed in claim 1 wherein said 
protrusion protrudes toward the inner periphery of said core metal so as to be curved along the 
axial direction of said core metal, said protrusion comprises a plurality of protrusions formed in 
the circumferential direction of said core metal, and wherein said recess of said sensor housing 
comprises a plurality of recesses formed in the circumferential direction so as to oppose said 
protrusions. 

9. (New) The rolling bearing with a rotation sensor as claimed in claim 1 wherein said 
protrusion comprises a plurality of protrusions having a V-shaped sectional shape in the axial 
direction of said core metal and formed in the circumferential direction of said core metal, and 
wherein said recess of said sensor housing comprises a plurality of recesses formed in the 
circumferential direction so as to oppose said protrusions. 

10. (New) The rolling bearing with a rotation sensor as claimed in claim 1 wherein said 
protrusion comprises a plurality of protrusions having a U-shaped sectional shape in the axial 
direction of said core metal and formed in the circumferential direction of said core metal, and 
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